INTRODUCTION
Prevalence of diabetes is steadily rising. In Spain, the number of people with diabetes has more than doubled over the last decade due to an increasing obesity rate and an ageing population. 1 This increase in diabetes prevalence is projected to lead a significant increase in patients with community-acquired pneumonia (CAP). 2 CAP is a leading infectious cause of hospitalisation worldwide, particularly among people with diabetes. [3] [4] [5] Previous studies have shown that diabetes is a risk factor for a pneumoniarelated hospitalisation. [6] [7] [8] A population-based cohort study found that the adjusted relative risk (RR) for pneumonia-related hospitalisation among subjects with diabetes was 1.26 (95% CI 1.21 to 1.31) compared with nondiabetic patients. 4 Advanced age and comorbidity are associated with increased mortality among adults hospitalised with CAP. 9 Diabetic patients may
Strengths and limitations of this study
▪ The strengths of our findings lie in the large sample size, the 10-year follow-up period, and the standardised methodology. ▪ Our findings are limited by the lack of data, precluding adjustment for pneumococcal and influenza vaccinations, which have been associated with reduced mortality among patients hospitalised with pneumonia. ▪ We have not identified factors (specimen quality or antimicrobial treatments) that may influence community-acquired pneumonia outcomes because these variables were not collected in the Spanish Hospital Discharge Database. ▪ We did not classify diabetic patients into groups based on the therapy used to control blood glucose, with the result that we were unable to provide data on the control of blood glucose during the hospitalisation.
have increased susceptibility to pneumonia for several reasons. They are at increased risk of hyperglycaemia, decreased immunity, impaired lung function and chronic complications such as heart disease, renal failure and pulmonary microangiopathy. 10 Kornum et al 5 concluded that presence of type 2 diabetes mellitus (T2DM) predicts increased pneumonia-related mortality. However, Kaplan et al 11 reported no association between in-hospital mortality (IHM) and diabetes.
The incidence of pneumonia may be increasing. 3 9 12 Secular trends in incidence and outcomes of CAP among patients with and without T2DM have been examined. [4] [5] [6] However, to the best of our knowledge, no previous studies have investigated national trends in the incidence, characteristics and outcomes of CAP in people with diabetes in Spain.
In this study, we used national hospital discharge data to examine trends in incidence and outcomes of CAP among patients with or without T2DM in Spain from 2004 to 2013. In particular, we analysed patient comorbidities, diagnostic and therapeutic procedures, pneumonia pathogens and in-hospital outcomes, such as readmission, IHM and length of hospital stay (LOHS).
METHODS
We performed a retrospective, observational study using the Spanish National Hospital Discharge Database (Conjunto Mínimo Básico de Datos (CMBD)), which compiles all public and private hospital data, covering more than 98% of hospital admissions. 13 The CMBD includes patient variables (sex, date of birth), admission and discharge dates, up to 14 discharge diagnoses, and up to 20 procedures performed during the hospital stay. 13 We analysed data collected between 1 January 2004 and 31 December 2013 for subjects aged 40 and over.
The criteria for diseases and procedures were defined according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), which is used in the Spanish CMBD.
We selected admissions for patients with a primary diagnosis of CAP (ICD-9-CM codes: 480-488, 507.0-507.8). We grouped admissions by diabetes status as follows: T2DM (ICD-9-CM codes: 250.x0 and 250.x2) or no diabetes in any diagnostic position. We excluded people with type 1 diabetes mellitus (ICD-9-CM codes: 250.x1; 250.x3).
Clinical characteristics included information on overall comorbidity at the time of diagnosis, which was assessed by calculating the Charlson Comorbidity Index (CCI). 14 We divided patients into three categories: low index, which corresponds to patients with no previously recorded disease; medium index, patients with one disease category; and high index, patients with two or more disease categories.
Irrespective of the position at the diagnoses coding list, we retrieved data about comorbidities as described by Kornum et al (2007) . 5 Also, we specifically identified the following procedures: computerised axial tomography (CAT) of thorax (ICD-9-CM code 87.41), bronchial fibroscopy (ICD-9-CM code 33. We estimated the proportion of readmission ( patients that had been discharged from the hospital within the previous 30 days), the median of LOHS and IHM. IHM is defined by the proportion of patients who died during admission for each year of study.
Statistical analysis
In order to assess time trends, the age and sex incidence rates of admissions for CAP in patients with T2DM and non-diabetic patients were calculated per 100 000 inhabitants,. We calculated yearly T2DM-specific incidence rates by dividing the number of admissions per year, sex, and age group by the corresponding number of people in that population group using the age-adjusted, sexadjusted estimated prevalence of T2DM obtained from National Health Surveys (NHS) conducted in 2003/ 2004, 2006/2007, 2009/2010 and 2011/2012 , and based on data from the Di@bet.es Study, which estimated the prevalence of diabetes in the Spanish population. 1 15 From 2001 to 2010, Spanish NHS was published every 2 or 3 years. So diabetic population for missing years (2005 and 2008) was estimated assuming that growth rate was the same thorough the period 2004-2010. We estimated rates by fitting a linear regression model with population from years when NHS was available and we used this model to impute population for 2005 and 2008. We also calculated the yearly, age and sex adjustedspecific incidence rates for non-diabetic patients by dividing the number of cases per year, sex, and age group by the corresponding number of people in that population group (excluding those with T2DM), according to the data from the Spanish National Institute of Statistics, as reported on 31 December of each year. 16 To assess the effect of T2DM on the incidence, we fitted two separate multivariate Poisson regression models for patients with and without T2DM adjusted by sex, age and year of discharge as independent variables. The results of these models are shown as adjusted incidence rate ratio (IRR) with their 95% CIs. A model adjusting by the same independent variables and including diabetes status was also conducted to assess the adjusted effect of diabetes in the incidence of the total population.
To assess whether there was any overinflation, we tried also with models of negative binomial regression, obtaining very similar results so we decided to use conventional Poisson regression models.
A descriptive statistical analysis was performed for all continuous variables and categories by stratifying admissions for CAP according to diabetes status. Variables are expressed as proportions, as means with SDs or as medians with IQRs (LOHS). A bivariate analysis of variables according to year was performed using the χ 2 test for linear trend ( proportions), analysis of variance (ANOVA) (means) and Kruskal-Wallis (medians), as appropriate.
To assess differences between those patients with and without T2DM, for each year and for the total sample, the statistical tests conducted for continuous variables were the Student's t-test for normal distributions and the Mann-Whitney test for non-normal distributions; categorical variables were compared using the χ 2 test and adjusted incidences were compared using Poisson regression. These same tests were used to compare the characteristics of those diabetic patients who died with those who survived to the hospital admission and equally for non-diabetic subjects. Finally, we performed logistic regression analyses with mortality as a binary outcome using the independent variables and age, sex, CCI, readmission, diagnostic and therapeutic procedures, pathogens and year of admission for those with and without diabetes and for the entire population to assess the influence of diabetes on IHM. Estimates were ORs with their 95% CIs. Statistical analyses were performed using Stata V.10.1 (Stata, College Station, Texas, USA). Statistical significance was set at p<0.05 (two-tailed).
Ethical aspects
Data confidentiality was maintained at all times in accordance with Spanish legislation. Given the anonymous and mandatory nature of the data set, it was not deemed necessary to obtain informed consent. Using the Poisson regression model, including the total population and diabetes status as an independent variable, we obtained an adjusted IRR per year of 1.66 (95% CI 1.65 to 1.67) for patients with T2DM using those without diabetes as the reference category. In other words, the incidence of admissions for CAP over the entire period was 1.66-times higher among patients with T2DM than those without diabetes.
RESULTS

From
In patients who have an admission for CAP, there was a significant male predominance (60.14% for T2DM and 60.95% for no diabetes). Overall, patients with T2DM were significantly older (77.08; SD=10.46 years) than patients without diabetes (75.06; SD=13.76 years) and had more coexisting medical conditions. Specifically, had higher prevalence of acute myocardial infarction (4.8% vs 3.1%), congestive heart failure (18.54% vs 13.53%), cerebrovascular disease/hemiplegia/paraplegia (10.3% vs 7.68%), dementia (11.21% vs 10.72%), renal disease (15.43% vs 10.09%), peripheral vascular disease (6.14% vs 3.62%) and prevalence of obesity is two times higher (all p<0.05). On the other hand, any type of malignancy and pleuritis were more prevalent in non-diabetic patients (10.6% and 7.03%, respectively) than in those with T2DM (7.94% and 5.94%, respectively). Age and all these comorbidities increased significantly over time in people with T2DM and without diabetes (table 1 and table 2) .
As can been seen in table 1 and table 2 , acute myocardial infarction and chronic pulmonary disease decreased significantly in both groups over the study period. Male sex percentage increased significantly in people with T2DM and female percentage showed a much larger change over time in patients without T2DM.
We detected a significant increase in use of thorax CAT in both groups over the study period as can been seen in table 1 and table 2. The use of all therapeutics procedures (except invasive mechanical ventilation which showed a significant decrease) have significantly increased in the last 10 years in diabetic and non-diabetic patients (table 1 and  table 2 ). The use of non-invasive mechanical ventilation has shown an over threefold increase in both groups of patients over the study period.
Of the pathogens analysed the most commonly found was S pneumoniae, followed by Legionella, P aeruginosa, S aureus and H influenzae.
In year 2013, S pneumoniae was detected in 7.95% of diabetic patients and 8.47% in those without the disease. All other pathogens were found in <1% of patients. 7 Open Access S pneumoniae and Legionella decreased over time in people with T2DM and without diabetes. However, we detected a significant increase of S aureus in both groups over the study period (table 1 and table 2 ). The prevalence of pathogens analysed was similar in patients with and without the disease.
Readmissions increased in both groups during the study (table 1 and table 2) . Among diabetic patients, the increase was from 12.57% in 2004 to 14.65% in 2013. Equivalent figures for subjects without diabetes were significantly lower (11.64% and 13.49%).
Overall median LOHS was significantly higher in patients with T2DM (8 vs7 days). Over time, LOHS following CAP fell significantly in patients with T2DM and without diabetes. IHM was 13.81% for patients with T2DM and 13.09% for non-diabetic people ( p<0.05). Crude IHM decreased significantly over time in people with T2DM and without diabetes (from 13.81% and 14.1%, respectively, in 2004 to 12.36% and 13.61% in 2013), as can been seen in table 1 and table 2.  Table 3 shows the characteristics of hospital admissions for CAP in patients with and without T2DM according to IHM during the study period.
For the entire time period, IHM was slightly but significantly higher among those without diabetes (13.81% vs 13.09%).
Overall, patients with T2DM who died during their hospitalisation were significantly older (81.48; SD=8.94 years) than those that survived (76.42; SD=10.51 years) and had more coexisting medical conditions. Including higher prevalence of acute myocardial infarction (5.41% vs 4.71%), congestive heart failure (21.81% vs 18.05%), vascular disease (6.58% vs, 6.07%), cerebrovascular disease/hemiplegia/paraplegia (16.52% vs 9.36%), dementia (21.93% vs 9.6%), renal disease (18.28% vs 15%) and any type of malignancy (12.57% vs 7.25%). On the other hand, chronic obstructive pulmonary disease, obesity and pleuritis were more prevalent in diabetic patients that did not die during their hospital stay. Invasive and non-invasive mechanical ventilation and red cell transfusion procedures were significantly more used in diabetic patients who died than in those that survived (5.71%, 3.64% and 4.83% vs 1%, 1.83% and 3.53%, respectively). However, CAT of thorax, thoracocentesis, bronchial fibroscopy were more frequent in T2DM and non-diabetic patients that survived than in those who died.
As can been seen in table 3, non-diabetic patients who died were significantly older, had more coexisting conditions like acute myocardial infarction, congestive heart failure, vascular disease, cerebrovascular disease/hemiplegia/paraplegia, dementia, renal disease and any type of malignancy, and underwent invasive and non-invasive mechanical ventilation and red cell transfusion procedures more than those non-diabetic patients that survived.
We found that 22.06% of diabetic patients that died and 12.5% of diabetic patients that survived were readmission ( p<0.01). LOHS was 6 days in those diabetic and non-diabetic patients who died vs 8 days in those diabetic and non-diabetic patients that survived.
S pneumoniae was more frequently detected in patients who lived than in those who died in T2DM and nondiabetic patients (14.44% vs 8.39% and 15.27% vs 8.64%), as can been seen in table 3.
In table 4, we can see the results of the multivariate analysis of the factors independently associated with IHM in diabetic and non-diabetic patients during hospital admission for CAP in Spain for the period 2004-2013.
Among diabetic patients, IHM was significantly higher in older subjects (vs <40-64-year old, OR 4.75, 95% CI 4.47 to 5.05 for ≥85-year old) and in those with more comorbidities according to the CCI (vs no comorbidities, OR 1.35, 95% CI 1.30 to 1.39, for one comorbidity; OR 1.50, 95% CI 1.44 to 1.56, for two or more comorbidities).
For diabetic patients, IHM was significantly lower in obese persons (OR 0.51, 95% CI 0.48 to 0.54) than in those with normal body mass index.
Over the entire study period, a diabetic patient with readmission was 1.14 (95% CI 1.07 to 1.21) times more likely to die than a diabetic patient without readmission. Patients with T2DM having an in-hospital infection during admission for CAP (S pneumoniae or Legionella or H influenzae were identified) had lower probability of dying than patients without these pathogens. However, diabetic patients with S aureus had 1.22-fold higher probability of dying during their stay than those without that pathogen. IHM was significantly higher in patients who underwent invasive and non-invasive mechanical ventilation (OR 11.53, 95% CI 10.68 to 12.45 and OR 2.04, 95% CI 1.89 to 2.21) and red cell transfusion (OR 1.14, 95% CI 1.07 to 1.21).
Diabetic patients who underwent CAT of thorax, bronchial fibroscopy and thoracocentesis procedures had a 0.54-fold, 0.75-fold and 0.82-fold, respectively, lower probability of dying during their stay than those who did not undergo these procedures.
Time trend analysis showed a minor but significant decrease in IHM from 2004 to 2013 in patients with T2DM (OR 0.97, 95% CI 0.96 to 0.99).
As can been seen in table 4, for non-diabetic patients, IHM was significantly higher in older persons, in those with more comorbidities, in those with readmissions, in those with infections of S aureus and in those who underwent invasive and non-invasive mechanical ventilation and red cell transfusion procedures. As for diabetic patients, we found a significant decrease in mortality over time.
In our study, suffering diabetes was associated with a lower IHM (OR 0.92, 95% CI 0.91 to 0.94).
Finally, for the entire population, time trend analyses showed a significant decrease in mortality from 2004 to 2013 in patients admitted for CAP in Spain (OR 0.97, 95% CI 0.96 to 0.98).
DISCUSSION
Using data from the CMBD, we found that rates of hospitalisation for CAP in patients with and without T2DM increased significantly from 2004 to 2013. These results are consistent with a report from Denmark, which pointed that total pneumonia hospitalisation increased by 63%, from 4.96 per 1000 population in 1997 to 8.09 in 2011. 12 Recently, Quan et al in Oxfordshire, UK, concluded that hospital admissions for CAP increased by ∼9% per year between 2009 and 2014. 9 The authors concluded that there was no evidence that the increase was caused by more low-severity cases presenting to hospital, 9 and that the ageing population only explains part of the increase. 3 9 17 We found that readmissions for CAP increased over time in patients with and without T2DM and LOHS decreased in both groups of patients. These data are consistent with other published study, suggesting that the fact that readmissions for pneumonia increased over time supports another plausible explanation for the shortening of LOHS, namely, an increased pressure for early discharge. 9 18 After adjusting for age and sex, we found that the incidence of CAP among patients with T2DM was 1.66-times higher than among non-diabetic patients. Our results agree with the Fremantle Diabetes Study data, in this study Hamilton et al compared patients with T2DM in Australia to matched non-diabetic subjects and indicated that IRR for pneumonia was 1.86 (95% CI 1.55 to 2.21). 6 In the USA, Jackson et al 19 also reported that the adjusted RR for hospitalisations for CAP was 1.52 (95% CI 1.29 to 1.78) among patients with diabetes compared with patients without diabetes, based on 46 237 subjects aged >65 years. In a Canadian study, the authors indicated that patients with diabetes had an increased risk of pneumonia-related hospitalisation than those without diabetes (RR 1.46, 95% CI 1.42 to 1.49). 8 In a casecontrol study in Denmark, Kornum et al 4 found that T2DM was associated with a 1.2-fold increased risk of a pneumonia-related hospitalisation. They concluded that longer duration of diabetes and poor glycaemic control increase the risk of CAP-related hospitalisation.
Like other authors, we found that patients admitted for CAP were increasingly older over time. 9 17 In the UK, using linked electronic health records of patients with diabetes, McDonald et al 20 observed that pneumonia incidence was 6-8 times higher among patients aged ≥85 years than patients aged 65-69 years. Possible explanations include a general improvement in clinical management, especially changes in immunosuppressive regimens and handling of comorbidities. 12 In our study, patients with T2DM had a higher number of simultaneous comorbidities and were more frequently obese, but obesity was not associated with a higher mortality risk during admission for CAP. Obesity is known to have adverse effects on immune function and to increase susceptibility to infections such as pneumonia; 21 however, Hamilton et al 6 concluded that a high body mass index was independently associated with any infection in their cohort of diabetic patients. A recent meta-analysis concluded that overweight and obesity were significantly associated with reduced risk of pneumonia mortality (RR 0.83, 95% CI 0.77 to 0.91, p<0.01) and suggests that an 'obesity survival paradox' exists for pneumonia. 22 The use of non-invasive mechanical ventilation has shown an over threefold increase in patients with and without T2DM over the study period. In a study about CAP in elderly, the authors found that mechanical ventilation was provided to 31.8% of patients and that almost half of the patients older than 90 years who received such care were discharged alive, supporting the belief that such care for the critically ill elderly patient is often justified. 11 Our investigation showed that mechanical ventilation was a strong risk factor for IHM in both groups studied. However, given our study design it is not possible, with our data, to determine if mechanical ventilation is effective for critically ill elderly patient with CAP.
As expected, S pneumoniae was the most frequent aetiological agent among patients with and without diabetes; however, its dominance is decreasing. Smith et al concluded that declines in cases of pneumonia due to S pneumoniae (from 7.1% in 1993 to 2.3% 2011) may be related to more frequent and effective vaccination, which reduces the risk of invasive pneumococcal disease and bacteraemia. 23 Also, this reduced risk may have resulted in less frequent coding because more thorough diagnostic evaluations accompany a higher severity of disease. In Spain S pneumoniae vaccine is recommended for high-risk groups, including people with diabetes, and for all persons aged 65 years or over. 24 We found that other organism's particularly S aureus was more prevalent in dead patients than in survivors in patients with T2DM and non-diabetic patients. Like other authors, despite the trends observed, 23 25 the low incidence of S aureus (0.57% in patients with T2DM and 0.56% in those without T2DM), perhaps suggests that S aureus is not routinely searched for and detected for patients with CAP. 23 26 It has been reported that pneumonia is the leading infectious cause of death in Spain; however, the mortality rate for pneumonia has decreased between 1980 and 2011. 27 In our study, we found that crude IHM decreased over time among diabetic and non-diabetic patients with a diagnosis of CAP. Simonetti et al 28 found a progressive downward trend of 30-day mortality in hospitalised patients with CAP (−0.2% death/year; p for trend =0.003) and concluded that the decreases in mortality rates suggest general improvement in the management of CAP.
We detected that patients with T2DM who died during their stay were older, had more coexisting comorbid conditions and had significantly more readmissions than those patients with T2DM that survived. In diabetic patients who died, mechanical ventilation and red cell transfusion were significantly more used than in those that survived. One possible explanation is that there is a trend to hospitalise a higher proportion of fragile or terminal patients who previously may have been treated at home. 12 In our population, the presence of T2DM was not a risk factor of death during admission for CAP. The results add important evidence to previous information. In an observational cohort study of all Medicare recipients, aged 65 years or older, hospitalised in non-federal US hospitals, Kaplan et al 11 reported no association between IHM and diabetes. In a Canadian study of 2471 patients with CAP, the authors concluded that hyperglycaemia, not the presence of diabetes, was the only factor having a significant negative effect on patient survival. 29 However, Kornum et al 5 indicated that high glucose levels were associated with increased mortality in patients with and without T2DM. Perhaps, the fact is that patients with diabetes are more likely to be hospitalised with less severity. In fact, in our study, we observed a lower frequency of pleuritis and any type of malignancy in diabetics than in non-diabetics, which could justify the lower mortality in the first group. Finally, we think that this T2DM result is part of the obesity paradox. 22 In our study, mechanical ventilation (invasive and noninvasive) and red cell transfusion were significantly associated with mortality during admission for CAP in groups of patients with and without diabetes.
A recent study reported that non-invasive pressure ventilation is frequently used in CAP but is associated with high failure rates, and indicated that patients who failed non-invasive mechanical ventilation had an increased odds of death when compared with patients who were treated with invasive ventilation (OR 2.2, 95% CI 1.0 to 4.8, p=0.03). 30 The strengths of our findings lie in the large sample size, the 10-year follow-up period and the standardised methodology, which has been used to investigate diabetes and its complications in Spain and elsewhere. 31 Limitations of the study Nevertheless, our study is subject to several limitations. Our data source was the CMBD, an administrative database that contains discharge data for hospitalisations in Spain and uses information the physician has included in the discharge report. Therefore, our findings are limited by the lack of data, precluding adjustment for pneumococcal and influenza vaccinations, which have been associated with reduced mortality among patients hospitalised with pneumonia. 5 A further limitation is the use of IHM which misses patients who may have died soon after discharge.
Other studies have identified factors that may influence in CAP outcomes and that were not included in our investigation because these variables were not collected in the CMBD. These factors include, among others, illness severity or antimicrobial treatments. 32 Additionally, we also cannot identify whether gradual changes were made in referral practice during the study period.
Another significant limitation is the fact that we did not classify diabetic patients into groups based on the therapy used to control blood glucose, with the result that we were unable to provide data on the control of blood glucose during the hospitalisation.
The ICD-9-CM used in the CMBD does not contain any codes specifically for CAP but only has more general codes for pneumonia. Therefore, the ICD-9-CM cannot differentiate a CAP from a hospital-acquired pneumonia (HAP). In the CMBD database, the first diagnosis is the main reason why a patient is admitted to the hospital. By definition a patient with HAP has to acquire this infection after admission to the hospital. Therefore, according to this methodology, it is very improbable that an HAP could appear as a first diagnosis. The only possible situation for this would be that a patient previously hospitalised, and discharged from the hospital, would return in the first days with a pneumonia acquired in the previous hospitalisation. As commented before, we belief this is an extremely improbable situation that would only have a very small impact on the results. Furthermore, cases with a primary diagnosis of pneumonia (ICD-9-CM codes: 480-488, 507.0-507.8) in the hospital discharge report has been used by other authors, such as Kaplan et al and Hamilton et al, considering those as CAP admissions. 6 11 Besides the limitations of administrative databases for clinical investigation on CAP, many studies have used these data sources for relevant epidemiological studies on respiratory diseases. 6 11 33 34 The CMBD is periodically audited and the validity of the 'diabetes diagnosis' in hospital discharge reports has been demonstrated in the past. [35] [36] [37] [38] However, as a result of these audits, it is possible and desirable that accuracy of coding may have improved over time so this would affect the results of our investigation and must be taken into consideration.
CONCLUSIONS
In conclusion, Spanish national data show that rates of hospitalisation for CAP in patients with and without T2DM increased significantly from 2004 to 2013 and incidence rates were higher in patients with T2DM than in those without diabetes in all time periods studied. CAP incidence seems to be increasing at a higher rate among patients with T2DM than among non-diabetic patients. IHM after CAP shows downward trend over time in all groups analysed. Remarkably, the presence of T2DM is not a risk factor of death after CAP in our cohort. 
